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Shear Resistance of Walls with Steel Studs 
AISI Report CF 92-2 
July 23, 1992 
1. Next to last line on page 23 change •substantially resist later in-plane'' to 
•substantially resist lateral in-plane•. 
2. First column on page 37 under heading TYPE OF MATERIAL change "Gypaum 
Wallboard• to •Gypsum Wallboard". 
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SHEAR RESISTANCE OF WALLS WITH STEEL STUDS 
INTRODUCTION 
Karl H. Klippstein, P.E. * 
Thomas S. Tarpy, Jr., Ph.D., P.E. ** 
Using the shear resistance of walls with wood studs and various types of cladding 
materials to withstand lateral forces caused by wind or earthquake has long been an 
ongoing practice among structural engineers and is reflected in the major building codes. 
With the rapid increase of using cold-formed steel studs to resist axial and lateral 
loads in residential, commercial, and industrial buildings - functions previously served 
by the use of wood studs - structural engineers became curious and concerned as to why 
current building codes for walls with steel studs do not contain any provisions to use walls 
with steel studs in the same manner as walls with wood studs to withstand the lateral forces 
caused by wind and earthquake. 
Therefore, the American Iron and Steel Institute (AISI) and the United States Steel 
(USS) Co1p0ration sponsored several experimental research projects over a period of 
about six years ( 197 4 through 1980) to determine the in-plane shear resistance of full-
scale sheathed wall assemblies with steel studs. These projects were directed specifically 
at determining the in-plane shear resistance and deflections for a wide range of different 
types of wall construction commonly encountered in practice. These experimental 
research projects were carried out at Vanderbilt University. 
The overall objectives of these projects were: (I) to determine the effects of different 
construction techniques on the in-plane shear resistance of steel stud shear walls with a 
variety of sheathing materials and anchorage details, (2) to determine the load level at 
which the sheathing materials or the anchorage experience initial and ultimate damage, 
*Research Associate Professor of Civil Engineering, University of Pittsburgh, 
Pennsylvania; Structural Engineering Consultant. 
**Senior Structural Engineer, Stanley D. Lindsey & Associates, Ltd., Nashville, 
Tennessee; Research Associate Professor of Civil Engineering, Vanderbilt University. 
and (3) to determine ultimate and to recommend allowable shear values for the design of 
such walls. 
Other related research projects followed. They were sponsored by other agencies 
and carried out by other investigators at other institutions. These are also briefly discussed 
in this report. 
Thus, the purpose of this report is to summarize and discuss the various phases and 
the resulting reports of the projects sponsored by AISI and USS, as well as of related 
projects subsequently reported in the literature. The findings and conclusions are then 
used to develop recommendations for the design of shear walls with steel studs. It is 
expected that this report will be useful as reference for future related research and as 
backup for a future request by AISI to the various code bodies to include the proposed 
design criteria, or modifications thereof, in future building design specifications 
PAST SHEAR WALL STUDIES USING STEEL STUDS 
General 
This report summarizes the results of five major studies that experimentally 
determined the shear resistance of wall panels with steel studs using different types of 
cladding materials, various construction details, and static or cyclic shear loads. 
The studies consisted of testing a large number of different full-size wall panels in 
accordance with the acceptance criteria for sandwich panels defined by the Research 
Committee of the International Conference of Building Officials (ICBO) (1)*, and in 
accordance with the ASTM E564 (2) specifications, using both static uni-directional 
loading and cyclic reversed loading procedures. ASTM E564 is a static test method for 
determining the shear resistance of framed walls for buildings when exposed to in-plane 
shear forces due to wind or earthquake. 
All studies used steel studs of C-shaped cross section with approximately 3-1/2-in. 
overall web depth, 1-1/2-in. overall flange with, 1/2-in. overall lip depth, and 20 gage 
thickness ( .0359 in.). For the majority of tests, the studs were spaced 24-in. on center, and 
were fitted into top and bottom steel tracks ofU-shaped cross section with approximately 




Various cladding materials were used and the spacing of the fasteners securing the 
cladding to the steel framing components varied around the periphery, at the interior studs, 
or at the comers of the test panels. 
Other structural details of interest chosen included a panel with comer bracing, and 
another one with a horizontal brace at mid-height. Bolted and nailed anchorages of the 
bottom tracks to the base of the test frame were used, often using structural clip angles 
that also provided extra strength in connecting the adjacent studs to the base. 
For all tests reported, the test panels were anchored at the base and a horizontal force 
in the plane of the wall was applied to the top track. Other specific details are given below. 
Initial USS-Sponsored Studies 
The first major experimental research study on the shear capacity of walls with steel 
studs was sponsored by USS.** It is described in two reports (3,4) and related 
publications (5,6). 
The USS-sponsored experiments at Vanderbilt University consisted of statically 
loading 28 full-size wall panels that were 8, 10, or 12 foot high, and 8, 12, 16, 20, or 24 
foot long, thus providing aspect ratios (length/height) ranging from 1 through 3. These 
aspect ratios were considered to be representative of the ratios encountered in actual 
construction. 
All panels used 3-1/2-inch-deep 20-gage studs and tracks with specified yield points 
of 40 and 33 ksi, respectively, which were connected with# 1 Ox l/2 pan head screws, one 
at each flange-to-flange connection. The stud spacing in all test panels was 24 inches. 
All panels were anchored to the base by use of 3x3x3/8x2-l/4-inch structural clip 
angles. These angles were located at the end studs and at every second stud between 
(Figures 3a, 3b, and 15, Reference 5). 
The Panel Test 2 specimen contained an additional horizontal stiffener at mid-height 
connected to the webs of the wall studs (Figure 4c of Reference 5). The stiffener consisted 
of a l-in. outside-diameter steel tube, 20 gage thick, arranged horizontally to fit between 
the studs and welded on top and bottom of the tubes. Panel2 was used to determine if a 
horizontal stiffener increased the shear resistance of the wall panel. 
**Prior to these tests some similar in-house tests had been conducted in the sixties 
and early seventies by John A. Blume and Associates, Inland-Ryerson Construction 
Company, and by USS. Results of these in-house tests are not available. 
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Gypsum wallboard, 1/2-inch thick Type X, was positioned horizontally and attached 
to both sides with #6x l-inch bugle head screws spaced 12-inch on center to the studs and 
runners. All gypsum boards were taped and caulked. 
The test setup, procedure, and analysis were the same as those used for the AISI- and 
other USS-sponsored studies and are discussed below. However, the results of these 
initial USS-sponsored studies will be summarized in Appendix A and included in the 
results, discussion, and recommendations. 
AISI-Sponsored Studies 
A description of the subsequent major research efforts on shear walls with steel studs 
is published in four reports (7,8,9,10) and related publications (11,12,13,14,15). This 
research was sponsored by AISI. It was an extension of the previously described research 
byUSS. 
The first AISI -sponsored report (7) presents the results of a static test program that 
was initiated in late 1976. However, most of the tests were conducted during 1977. The 
program consisted of experiments on 18 panels with numerous test parameters such as: 
panel size: 





15 panels 8x8 feet; 3 panels 8x12 feet 
48-in. o.c., incl. ends; at ends only, bolt & 
washer@ 48-in. o.c.; 
#10x1/2-in. low-profile screw each side, top 
and bottom 
12-in. o.c. throughout: 
6-in. o.c. on one side around periphery, balance 
12-in. o.c.; 6-in. o.c. on both sides around 
periphery, balance 12-in. o.c.; 5 spaces 6-in. o.c. 
each comer on each side, balance 12-in. o.c. 
with at all comers; and without 
15 panels steel frame; 3 panels wood frame 
Since there were so many parameters to be considered, and often more than one 
parameter was changed for a given test, it was decided to categorize the panels by wall 
types as shown in Table 1 of Reference 7 (Wall Type A through G). The decision to 
categorize the panels was also found helpful to follow the effects of new parameters 
introduced in the subsequent (second through fourth) AISI reports (8,9,10). 
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The second AISI-sponsored report (8) includes tests of interest reported previ-
ously (renumbered 1 through 19) and presents the results of 19 additional tests (numbered 
19 through 38). It also introduces new test parameters such as represented by Wall Type 
H through J, and cyclic loading for Wall Type B, D, E, and H. (Reference to cyclic tests 
under Wall Type J in Table 1 of Reference 8 was in error.) 
All three additional wall types feature a base anchorage provided by 9/64-inch-
diameter powder-actuated fasteners spaced at 6-inch on centers. Wall Type I has 2 plies 
of 5/8-inch-thick gypsum wallboard attached to each face. Wall Type J is faced on each 
side by 7 /8-inch-thick cement plaster on 3.4-3/8-inch-rib expanded metal lath applied by 
a 3-coat process. 
The third AISI-sponsored report (9) utilized all test results previously reported for 
Wall Type A through J and developed average values for the ultimate loads, deflections, 
and load-deflection curves for each wall type. This also resulted in average deflection and 
shear stiffness values for each wall type under static and cyclic loading conditions. 
The fourthAISI -sponsored report (10) summarizes 16 more full-scale wall-panel 
tests lumped into seven different wall types, Wall Type K through Nand Pthrough R. All 





16-gage thick, cold formed, @ 24-in. o.c., 
anchored with 9/64-in.-diam. 1/14-in.-long 
powder-actuated fasteners@ 48-in. o.c. 
fillet weld each side, @ top and bottom 
track welded to 24-in.-o.c. steel floor joists by 
l/8x l-in. fillet welds; 1/4-in. clip angles bolted 
through 24-in.-o.c. steel floor joists to load 
frame by two round-head 3/8-in.-diam bolts; 
1/4-in. clip angles bolted through 2x6-in. wood 
spacer to load frame by one 3/8-in.-diam. bolt 
@ 24-in. o.c. 
Again, the average values for the ultimate loads, deflections, and load-deflection 
curves for all additional wall types were developed. This also resulted in average 
deflection and shear stiffness values for each wall type under static loading conditions. 
Since the wall types investigated under this study are the primary source for the 
design recommendations to be made later, the test program, construction of wall panels, 
and test setup, procedures, results, analysis, and discussion for the 54 panels tested in the 
AISI-sponsored study will be described in more detail in the main body of this report. 
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Follow-Up Study Sponsored by USS 
This follow-up study sponsored by USS ( 16) consisted of an experimental investi-
gation of five 8x8-feet wall panels with 3-1/2-inch-deep 20-gage steel studs spaced 24-
inch on centers. 
Two of the panels were covered on both sides with 7 /8-inch-thick Portland cement 
stucco on 3.4-pound 3/8-inch-rib expanded metal lath attached to the studs and tracks with 
5/8-inch "T" drive pins spaced 3-3/4-inch on centers. A third panel constructed was 
damaged during moving and could not be tested. 
Three other panels were covered on both sides with 1/4-inch-thick Glazon on 3.4-
pound 3/8-inch-rib expanded metal lath attached to the studs and tracks with 5/8-inch "T" 
drive pins spaced 3-3/4-inch on centers. The Glazon coating was applied in a one-coat 
process with trowel finish. 
The studs and tracks of all panels were connected with one #8 low-profile-head 
screw on each side, at top and bottom. Structural clip angles, 3x3x3/8x2-1/4-inch, were 
used at 48-inch on centers. One 3/8-inch-diameter bolt bolt was used to connect the clip 
angles to the web of the adjacent steel stud and the test frame base. 
Additional details on the test results are given in Appendix B. 
Cyclic-Load Study On Walls With Gypsum Board Cladding 
A recent study conducted on six 8x8-feet panels with 3-5/8-inch-deep 20-gage steel 
studs spaced 24-inch on centers was recently reported (17). At the panel ends additional 
studs arranged back -to-back were added. 
The test panels were equipped with horizontal bracing at mid-height. The first 
specimen had no x-bracing; the second and third had one 2-inch by 20-gage x -bracing on 
one or both sides, respectively; the fourth and fifth had one flat strap on both sides using 
3-inch by 18-gage and 16-gage straps, respectively; and the sixth specimen had one 3-
inch by 16-gage strap on each side with turnbuckles for pre-tensioning. 
The ends of the straps were connected to gusset plates attached to all comers of the 
frame. the connections between straps, gussets, and frames were purposely over-
designed using #8 screws. All steel had a minimum specified yield strength of33 ksi. The 
end studs of the panels were bolted to the hold-down assembly. 
The 5/8-inch-thick gypsum board on each side was laid horizontally, causing a 
horizontal joint at mid-height. The gypsum-to-steel screw connections were spaced at 6-
inch o.c. around the perimeter and 12-inch o.c. at all other locations. 
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The test procedure of applying the cyclic load is different from the method used in 
the AISI-sponsored tests described earlier. Before applying the horizontal cyclic loads, 
a vertical load was imposed on the studs through axial loading rods. Each specimen was 
then subjected to two complete cycles of loading for each designed level of lateral 
deflection starting with l/4-, 1/2-, 3/4-inch, and then loaded to failure. 
The results of the tests are not included in this report; however, the conclusions may 
be of interest for future considerations. The stiffness for a given stabilized cycle degraded 
by about 7 to 15 percent as compared with the lateral stiffness of the corresponding virgin 
cycle. Lateral stiffness degradation increased as the drift ratios became larger. The energy 
dissipation ability of the panels in the stabilized cycle was about 60 percent of the virgin 
cycle. An average value of equivalent viscous damping for all the cycles, based on panel 
hysteretic behavior, was about 12 percent. 
Static-Load Study On Walls With Plywood Cladding 
A recent publication on shear walls with ply- and OSB-type cladding ( 18) includes 
test results on eight shear walls with steel studs (see Table 4, Page 9 of reference). The tests 
included 18-, 16-, and 14-gage steel studs, plywood thicknesses of3/8, 7/16, and 5/8 inch, 
and different fastener sizes and spacings. Also provided are the ultimate load, target 
design shear, load factor, and mode of failure. 
Unfortunately, the geometrical and mechanical properties important in the selection 
of steel studs are not provided. Also, no information is given on the number of tests 
conducted for a given panel type and if the plywood is attached to one or both sides. 
Therefore, the information contained in this publication can not yet be considered 
in establishing recommended design values for walls with steel studs covered by 
plywood. However, serious efforts should be undertaken to ascertain the desired details 
such that the data could safely be utilized in proposing design values for wall stud thicker 
than 20 gage (0.0359" nominal) and covered with plywood. 
TEST PROGRAM OF AISI-SPONSORED RESEARCH 
The experimental test program for the AISI-sponsored research was developed by 
Vanderbilt University, with input from structural engineers of an AISI task force. The 
program was guided by the results previously obtained from the USS-sponsored and 
other in-house studies. 
A typical test wall with some test-panel and test-setup details used for this project 
is shown in Figure 1. This figure was duplicated from Reference 7, Figure AI. In the 
elevation the figure shows some typical panel and test setup details. Also shown are a 
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comer brace as used in Wall Type F, a detail of a bolt and structural clip angle anchorage, 
and a bolt and washer anchorage detail. Details for other test wall configurations used in 
the test program are described later. 
Some of the test -setup details typically used are shown in Figure 2. This figure is a 
reproduction of Figure 2 in Reference 8, which shows the dial gage locations used in all 
tests and a concrete beam base used in some of the tests. The use of other bases is described 
later. Also shown is the load application, both for static and cyclic loading. 
The test program included seventeen different wall types (Types A through R except 
0). Using the different test parameters (details and loading conditions) discussed below, 
54 panels were tested and evaluated. The chosen test parameters supplemented the 28 
panel tests previously conducted under the sponsorship of USS. 
The chosen panel construction utilized various types of cladding materials, one or 
two plies of cladding, different stud and fastener spacings, and a range of different overall 
dimensions construction details. Specifically, Table 1 describes the actual wall panel 
construction and anchorage details for each wall type chosen, as well as the type ofloading 
condition used. Figures 3 through 19 supplement the tabular information for Panel Type 
A through R, respectively (except 0). 
The test parameters considered, and the different wall types that reflect the effects 
of these parameters on the strength of the panels, are summarized as follows: 
(a) wall panel anchorage details- Wall Types A, B, E, Hand K, 
(b) gypsum wallboard thickness - Wall Types H and I, 
(c) different sheathing materials- Wall Types G, H, I, and J, 
(d) static vs. cyclic loading conditions- Wall Types B, D, E, and H, 
(e) gypsum wallboard attachment spacing- Wall Types A, C and D, 
(f) diagonal comer brace -Wall types A and F, 
(g) anchoring the wall panel through transverse floor joists - Wall Types L, P and 
Q, 
(h) plywood or stucco in place of gypsum wallboard as a diaphragm material- Wall 
Types L, M and N, 
(i) using fillet welds instead of self drilling screws to attach the studs to the top and 
bottom tracks - Wall Types A and L, and 
G) stud spacing - Wall Types A and R. 
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The number of panels tested for each wall type was a function of the ASTM E564 
requirements. Basically, this standard requires that if the results of two different tests for 
a given wall type construction differ by more than 10 percent, a third test must be run and 
the shear resistance for the wall type is the mean of the lower two values obtained from 
the three test results. 
CONSTRUCTION OF WALL PANELS 
Steel Framing 
The cold-formed steel studs, top and bottom tracks, joists, and anchorages were 
furnished by three different manufacturers. Therefore, the actual geometrical and 
physical properties of these components varied, but the variations were as expected in 
normal construction. 
To obtain close uniformity of the desired geometry of the steel studs and speedy 
delivery, the cold-formed material requested from, and supplied by, the individual 
manufacturers were chosen from their standard line of products closest to a nominal 3-
1/2 inch-deep and 20-gage-thick C-shaped stud with corresponding top and bottom 
tracks. 
The construction details for each wall type are shown in Table 1 and Figures 3 
through 19 for Wall Types A through R (except 0), respectively. 
Manufacturer A furnished the cold-formed material for Wall Types A through G. 
These panels were constructed by using 3-1/2-inch (web) by 1-1/2-inch (flange) by 1/2-
inch (lip) galvanized steel C-shaped studs with a base metal thickness of 0.032 inch 
(nominal20 gage). The steel studs were spaced 24 inch on centers and attached to 3-5/ 
8-inch (web) by 1-1/2-inch (flange) galvanized structural-steel top and bottom tracks with 
#10 by 1/2-inch long flat head screws. The base metal thickness of the tracks was 0.035 
inch (nominal20 gage). 
Manufacturer B furnished the cold-formed material for Wall types H through J. The 
panels were constructed of 3-5/8- by 1-5/8- by 1/2-inch painted steel studs with a base 
metal thickness of0.037 inch (nominal20 gage). The steel studs were spaced 24 inches 
on centers and attached to 3-13/16- by 1-1/4-inch painted steel tracks with #10 by 1/2-
inch flat head screws. The base metal thickness of the runner track was 0.037 inches 
(nominal20 gage). 
Manufacturer C furnished the material for Wall Types K through R (excluding the 
letter 0, which, for the sake of clarity, was not used). The panels were constructed by using 
3-5/8-by 1-5/8-by 3/8-inch painted steel studs with a base metal thickness of0.0359 inch 
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(nominal20 gage). The studs were attached to 3-13/16-by 1-1/2-inch painted steel tracks, 
also with a base metal thickness of0.0359 inch (nominal20 gage). The wall members of 
the Type K and R wall panels were attached to each other with #10 by 1/2-inch-long flat 
head screws, while Wall Types L through P were connected by 1/8 x 1 inch fillet welds 
on the front and rear sides along the edge of the tracks. 
For most of the wall panels tested the base was directly connected to the load frame. 
However, for Wall Types P and Q shown in Figures 15 and 16, respectively, additional 
steel floor joists with a base metal thickness of 0.0598 inches (nominal 16 gage) 
measuring 7-l/4-inch (web) by 1-5/8-inch (flange) by 9/16-inch (lip) were used. 
Cladding 
Gypsum wallboard, 1/2 inch thick, was used in Wall Types A through R, with the 
exception of Wall Types G, J, M and N. The gypsum wallboard was attached to the steel 
stud frames with self-drilling screws of size, length, and spacing as noted in Table 1. The 
wallboard seams were caulked and taped, and allowed to cure at least 24 hours before the 
wall panel was tested. The exterior sheathing seams in Wall Type N were left open. 
Wall Type G was constructed with stucco applied to metal lath on both faces of the 
panel. The total thickness of the stucco layer was 7/8 inch. It was spread evenly on 3.4-
3/8-inch-rib expanded metal lath. The lath was fixed to the studs and track with 5/8-inch 
tee-shaped drive pins at 3. 7 5 inch on centers. The stucco was troweled onto the metal lath 
using a standard three-coat process. The stucco-mix design consisted of: 
1st coat - 94 lbs of cement, 50 lbs of lime, 6 ft 3 of sand, 
2nd coat - 94 lbs of cement, 50 lbs of lime, 6 ft 3 of sand, 
3rd coat - 2 volumes of lime, 1 volume of gauging plaster. 
The approximate thickness for each coat was 3/8, 3/8, and 1/8 inch for the first, 
second and third (or finishing) coat, respectively. A minimum curing time of 3 days was 
allowed between each coat application. The construction procedure followed was that 
recommended by the Uniform Building Code ( 16). 
Wall Type J was constructed to represent either exterior or interior stud wall 
construction. Portland cement plaster, 7 /8-inch thick, was troweled onto 3.4-3/8-inch-rib 
expanded metal lath using a standard three-coat process. The lath was fixed to the studs 
with #8 x l/2 inch Pan Washer Head Screws at 7-3/4 inches on centers. The plaster-mix 
design consisted of: 
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1st coat - 1 volume cement, 20 lbs lime, 4 volumes sand; 
2nd coat - 1 volume cement, 20 lbs lime, 5 volumes sand; and 
3rd coat - 1 volume cement, 1 volume lime, 3 volumes sand. 
The approximate thickness for each coat was 3/8, 3/8, and 1/8 inch for the first, 
second, and third coat, respectively.Aminimum curing time of three days was maintained 
between each coat application. The construction procedure followed was that recom-
mended by the Uniform Building Code (16). 
Wall Type M was made up of two different types of gypsum claddings. On one side 
l/2-inch-thick exterior gypsum sheathing was used. For the other side the regular l/2-
inch-thickinterior gypsum wallboard was used. Both sides of the wall panel were covered 
by only one layer of gypsum wallboard. 
For Wall Type N, 1/2-inch-thick construction-grade plywood was used on one side 
of the wall panel while 1/2-inch-thick gypsum wall board was used on the other side. 
Anchorage 
A variety of anchorages were used. These consisted of power-activated nails or 
bolted clip angles to anchor the test panel base to the load frame. 
For Wall Type H, I and J, no clip angles were used. Instead, only the most commonly 
used powder-activated fasteners (9/64-inch diameter, 1-1/4-inch shank length) was 
chosen. However, the selected spacing of the fasteners was 6 inch on centers. Usually 
these fasteners are placed adjacent to each stud or midway between studs, which provides 
a spacing of about 24 inches on centers. For Wall Type H, I and J panels the concrete floor 
was simulated by a reinforced concrete beam. 
A frequently used attachment of the wall panels to the load frame was a hot -rolled 
3x3x3/8x3-l/4-inch structural-steel clip angle. The clip angle was usually attached to the 
steel-stud members at four foot centers with horizontal 3/8-inch-diameter zinc-plated 
hex-heat bolts. One vertical 3/8-inch diameter anchor bolt was used as a connection 
through the clip angle, runner track, wood shim, and load-frame-base channel as shown 
in Figure 3 through 6, 8, 9, 14through 16, and 19, which represent Wall Type A, B, C, D, 
F, G, L, M, Nand R. The same type of structural clip angle was used with two 3/8-inch-
diameter round-head anchor bolts as shown in Figure 18, which represents Wall Type Q. 
A cold-formed 3x3x.0598x3-l/4-inch clip angle ( 16 gage) was used in Wall Type 
K, see Figure 13, in lieu of the structural-steel angle to determine if sufficient anchorage 
and shear rigidity could be obtained with a less expensive medium than the hot rolled 
angle. The horizontal leg of the clip angle spaced 24-inch on centers was attached to the 
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floor by two powder-actuated 9/16-inch diameter 1-l/4-inch-long fasteners. In addition, 
between studs, the same size powder-actuated fasteners were used in a staggered pattern 
at 3-inch on centers to connect the bottom track to the concrete floor. 
To determine what shear resistance and damage threshold load level could be 
obtained without the clip angles, l-inch-outside-diameter zinc-plated washers with 3/8-
inch-diameter bolts were used adjacent to selected stud locations to attach the wall panel 
to the test frame. This type of a construction detail was expected to provide a more flexible 
connection of the wall studs to the foundation or test frame. This detail was used in Wall 
Type B and E at interior studs with a spacing of 48 inches, see Figure 4 and 7. For Wall 
Type E this type of connection was also used at both end studs, see Figure 7. 
The Wall Type H, I, and J panels also did not utilize any clip angles. Only powder-
actuated fasteners were used to connect the bottom track to the concrete floor. A staggered 
pattern with fasteners 3-inch on centers were used in the region between studs, but 
doubled up at both ends of the panels as seen in Figure 10, 11, and 12. 
The base anchorage for Wall Type P and Q shown in Figure 17 and 18, respectively, 
simulated load transfers through floor or ceiling joists as often found in actual construc-
tion. For both wall types, the bottom track was welded to the floor joists at each stud/joist 
location. No clip angles were used for Wall Type P. 
TEST SETUP 
A cold-formed structural-steel joist member with reinforcing plates and a load 
bearing block were attached along the type of the wall panels at the point(s) of loading 
to uniformly distribute the horizontal in-plane load applied and to prevent local failure of 
the panel at the point(s) ofloading. This detail is shown in Figure 20. By choosing this 
type of structural detail, the laboratory conditions represented as closely as possible the 
actual field installation and loading conditions in a typical building. 
Prior to starting a test, displacement indicating gages were mounted on the test frame 
at the locations shown in Figure 2. The horizontal gages at the lower right, No. 4, and at 
the lower left, No. 8, measured the slippage of the wall panel within the test frame. The 
two vertical gages, No.3 and No.5, measured the panel rotation. Gage No. 1, at the upper 
right, measured the horizontal or lateral displacement of the panel. 
Thus, displacements measured at the gage locations discussed above include the 
effects of: 
(a) shear and bending deformations of the test panel, 
(b) slippage between the wall panel and the test frame, and 
(c) possible deformations in the test frame. 
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Gages No. 6 and No. 7 (corresponding to the vertical Gages No. 5 and No. 3 on the 
wall panel) measured the movement in the test frame at the comer attachment points. 
Gage No. 2, shown at the point of loading on the upper left of the figure, was only used 
as a backup for Gage No. 1 during static loading conditions, and for measuring the 




The static loading procedure consisted of applying an initial load of approximately 
ten percent of the estimated ultimate load-carrying capacity of the wall panel to the top 
of the wall panel using a digital strain indicator for the load cell of the hydraulic jack. This 
load was held for two minutes to "set" the wall panel connections and was then removed. 
The wall panel was allowed to fully recover and the displacement-measuring devices 
were reset to zero. The actual test was then allowed to proceed at this zero load-deflection 
condition. 
Incremental test loads were then applied to the wall panel as shown in Figure 21a 
and displacement measurements were recorded after each load increment following a 
two-minute hold period. At load levels of approximately one-third and two-thirds of the 
estimated ultimate load-carrying capacity of the wall panel, the test load was removed and 
the wall panel displacements were recorded after a five-minute hold period. The previous 
load was then re-applied to the next higher increment above the back-offload. Loading 
continued in this manner until the wall panel was no longer capable of sustaining 
additional load increments. The last load, held for two minutes with displacement 
measurements recorded, was defined as the total or ultimate test load. 
Cyclic Loading 
The cyclic loading sequence consisted of applying an initial load of approximately 
ten percent of the wall panel's estimated ultimate load-carrying capacity to the top of the 
wall panel in one direction. This load was held for two minutes to allow for local 
deformations of wall panel connections to take place. The applied load was then removed. 
Before beginning the actual test, all deflections were allowed to stabilize. Subse-
quently, the gages were set to a zero load-deflection condition, and the actual test 
commenced. 
Five fully-reversed load cycles were then applied, starting with a load to the right or 
positive direction (the direction of the initial load). Subsequently, the loads were increased 
by a previously determined load increment as shown in Figure 2lb. 
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Displacement measurements were recorded immediately upon reaching the 
incremented load value. After recording the displacements, the load was released and the 
wall deflections were allowed to stabilize.Afterthat, another set of displacement readings 
was obtained. 
The load was then applied to the left, in the opposite or negative direction from 
before, until the same load level was obtained. Displacement measurements were 
recorded and the load was fully released. At this zero load, additional displacement 
measurements were obtained. This process completed one full cycle of the test for a given 
load increment. 
The loading sequence continued for four additional cycles at the same load 
increment. The only difference was that the zero load-displacement measurements were 
not recorded. 
Upon completion of the fifth cycle, the load applied in the positive direction was 
increased to the next higher load level, and the previously described loading sequence was 
repeated for five full cycles. Loading with the next higher load increments was continued 
in this manner until the wall panel was no longer capable of resisting the increased load. 
The ultimate test load was the last load for which at least one complete cycle was 
obtained with complete displacement measurements. 
TEST RESULTS AND ANALYSIS 
Aside from the full-scale wall tests performed, coupon tensile tests were conducted 
on a selected number of wall stud and track sections as described below. 
The information obtained from the full-scale wall panel tests were load-deflection 
data, shear resistance test loads, and the shearstiffness. 
The load-deflection data taken during tests are presented by plots showing the 
applied load vs. the measured net horizontal panel deflection. 
The shear resistance test load is either the ultimate load, the code deflection load, or 
the damage threshold load. The code deflection load is equivalent to a test load producing 
0.5 inch total deflection in 8 feet of wall panel height. The threshold load is defmed as the 
load level at which undesired local damage of the test panel may occur without 
significantly impeding the overall resistance of the test panel, also referred to as 
serviceability criteria. 
Additional calculations result in the shear stiffness of the walls, which consists of net 
and total shear stiffness as obtained from test results. Further analytical using the test 
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results are then made to develop the recommended allowable shear strength, deflections, 
and shear stiffness. 
A summary of the experimental and analytical test results is given in Table 2. The 
data shown covers 32 out of the 54 panels tested. The remaining panels proved to be 
insignificant in deriving the conclusions presented later. 
Coupon Tests For Steel Properties 
The actual yield points of the Wall Type A through G studs was determined from 
three longitudinally-oriented coupons cut from the webs of the studs. The results ranged 
from 52 ksi to 55 ksi with a mean value of 53 ksi. The specified yield point for the studs 
was 40 ksi. The measured yield point of the track sections based on three longitudinally 
oriented coupons cut from the flat portion of the webs ranged from 49 ksi to 51 ksi with 
a mean value of 50 ksi. The specified yield point for the tracks was 33 ksi. 
The actual yield point of the studs used in the Type H through J panels were 
determined from three coupons cut from the flat portions of the flanges. The measured 
yield points ranged from 50 ksi to 54 ksi with a mean value of 52 ksi (specified 37 ksi). 
The actual yield point of the tracks was determined from three coupons cut from the webs. 
The results ranged from 42 ksi to 48 ksi with a mean value of 45 ksi vs. a specified yield 
point of 37 ksi. 
The actual yield point of the studs for the Type K through R panels was determined 
from three coupons cut from the flat web portions. The results ranged from 29.5 ksi to 30.6 
ksi with a mean of 30.1 ksi. The average base metal thickness was 0.042 inch. Coupon 
tests of the tracks produced a measured yield point range of22.4 ksi to 26.2 ksi (mean of 
24.3 ksi) and a mean thickness of 0.039 inches. The minimum specified yield points of 
the studs and tracks were 30 and 20 ksi, respectively. The measured yield points for the 
joists used in these panels ranged from 59.9 to 61.1 ksi (mean of61.0 ksi), compared to 
a specified yield point of 30 ksi. The joists had a mean base metal thickness of 0.061 
inches. 
All results are considered to be representative of yield points encountered in actual 
construction. Therefore, no attempts were made to adjust the panel test results for any 
excess strength or excess thickness of the cold-formed-steel components because they did 
not control the mode of failure, as will be shown below. 
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Load-Deflection Data 
Throughout the research reports and related publications discussed, information on 
the load versus total deflection and/or the load versus net deflections is provided either 
in form of graphs or tables. 
It was not considered to be important to repeat the voluminous data of the research 
reports and related publications in this report; however, the utilization of the load-
deflection test data is important in deriving the total and net shear stiffness values shown 
in Table 2. 
The total horizontal panel deflection, is either L\, 
~ =~] -~4 (in.) 
for loading in the positive direction (to the right), or 
~=~-~(in.) 
for loading in the negative direction (to the left), where~1 ,~2,~4 and ~8are measured 
deflections in inches at Gage 1 ,2,4, and 8, respectively, as shown in Figure 2. 
The net horizontal deflection, ~' is either 
~=~-alb [(~3 -~)- (~5 -.16)] (in.) 
for loading in the positive direction (to the right), or 
~=~-alb [(L\ -~)- (~5 -~6)] (in.) 
for loading in the negative direction (to the left), where ~3, ~5 , ~6 , and~ are the 
deflections measured at gage locations 3, 5, 6 and 7 respectively, a is the height and b is 
the length of the wall panel. 
Shear Resistance Test Loads 
The shear-resistance test loads for all panels discussed are summarized in Table 2. 
The ultimate loads, code deflection loads, and damage threshold loads are defined in 
Footnote 1 of Table 2 as follows: 
1 a) ultimate load is the maximum load level obtained with displacement measure-
ments recorded, 
1 b) code deflection load is the measured load level corresponding to a drift of 0.5 
inches in 8 feet height. 
1 c) damage threshold load is the load level at which tearing or cracking of the 
sheathing material occurred. 
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Also given in the footnotes for Table 2 are other explanations for the table, including 
an explanation of the test number designations, etc. 
Shear Strength 
The nominal shear strength (resistance), S0 , of the wall panel 
Sn = P/b (lbs/ft) 
where P is the smaller of either the ultimate or the code deflection load (lbs) and b 
is the panel length. 
The allowable shear strength, Sa' of the wall panel is 
Sa= S/O.s 
where ns is the factor of safety. 
The nominal shear strengths for all panels tested are shown in Table 2. Also, the 
average nominal shear strengths for each panel type are shown. The average nominal 
shear strengths for selected wall types are also shown in Table 3. 
In accordance with the design philosophy embedded in the currentAISI Specifica-
tion the factor of safety for wind and earthquake loads should be 2.5 for mechanical 
connections and 2. 7 5 for welded connections. Since all panels tested in this study had only 
mechanically-connected components, a factor of safety equal to 2.5 is recommended for 
all panels listed in Table 3. For most panels listed in Table 3 (Wall Panel Types A, C, I, 
N, and R ), the code deflection load used is significantly less than the ultimate load. Thus, 
the factor of safety against the ultimate load would be greater than 2.5. 
Shear Stiffness 
The total shear stiffness, G' T' is determined from the load- deflection curve of a 
given test at a load value equal to or less than the proportional limit. A reference load level, 
P, as suggested by ASTM E564, is one-third the ultimate load. If this value of P exceeds 
the proportional limit, Pis chosen to be equal to the proportional limit. Thus the total shear 
stiffness is defined as: 
G'T =(a/b)* (P/L\)(lbs/in.) 
where Pis the load (lbs ), and L\ is the corresponding total horizontal deflection (in.) 
at the corresponding value of P in either the positive or negative direction. 
The net shear stiffness, G'N, is defmed as: 
G'N =(a/b)* (P/.!\s)(lbs/in.) 
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where P is the suggested reference load level and Asis the corresponding shear 
displacement defmed as: 
As=~ - L\ (in.) 
The net deflection, ~' is obtained from the load- deflection curve at the suggested 
reference load . .!\is the deflection due to bending, considering the wall panel to be a 
vertical cantilever beam loaded at its free end. The bending deflection can be determined 
by: 
L\ = Pa3/3EI (in.) 
P is the reference load, E is the modulus of elasticity of the steel studs and I is the 
moment of inertia considering only the end studs of the wall panel frame. 
The net and total shear stiffnesses for all panels tested are shown in Table 2. Also, 
the average net and total shear stiffnesses for selected wall panel types are shown in Table 
3. Other panel types and conditions may be added. 
DISCUSSION OF RESULTS 
General 
The experimental and analytical results for each of the wall panel tests are shown in 
Table 2, arranged by wall types and loading conditions. Also, the average values for each 
wall type are given. 
The average values shown correspond to the recommended acceptance criteria of 
ICBO ( 1) for testing of wall panels and not that of ASTM E564 (2) as mentioned earlier. 
The ICBO criteria states that "except for the impact (cyclic) test, three (static) tests 
of each type are required with none varying more than 15 percent from the average of the 
three, unless the lowest test value is used." The criteria further states that for a specific test 
type, the average result based on a minimum of five tests may be used regardless of the 
variations. 
The ICBO criteria also states that the results of two tests may be used when the higher 
value does not exceed the lower value by more than 5 percent and the lower value is used 
with the required factors of safety. 
For reasons of simplicity, the average values shown for the cyclic loading tests are 
the average values of the five cycles in the positive direction. 
All wall panel types tested experienced the same basic type of failure. Usually, the 
base tracks started to deform around the anchorage divide at the uplift (tension) end of 
the wall panel (either clip angle, powder actuated fastener, or washers) identified by 
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Location 5 in Figure 2 for loading in the positive direction. For panels with gypsum 
sheathing, cracking of the gypsum sheathing occurred at the same location, extending 
from the comer fasteners to the edge of the wallboard. The track deformation and degree 
of tearing of the gypsum material increased until the wall panel was no longer able to carry 
additional load. 
For comparative purposes, Wall Type A is used as a reference where possible in the 
following discussion of the effect of various parameters on the shear resistance, 
deflections and total shear stiffness of the wall panels. This reference was chosen because 
of the extensive amount of test data available on Wall Type A with variable length-to-
height aspect ratios. 
Wall Panel Anchorage 
The wall panel anchorage effect on the shear resistance strength and shear stiffness 
is seen by comparing the results of the statically-tested walls as discussed below. 
The elimination of the clip angles at the interior locations in Wall Type B had no effect 
on the ultimate test load when adjusted linearly for wall panellength ( 4500/12 = 3 7 5lbs/ 
ft. in B vs. 3000/8 = 37 5lbs/ft. inA). This was due to the stiffening effect which is furnished 
by the comer angles that connect the base and top tracks with the end studs. 
The substitution of a bolt and washer anchorage for comer clip angles, as exempli-
fied in Wall Type E, resulted in a 23 percent decrease of the ultimate test load for Wall Type 
E (2,500 lbs) from that of Wall Type A (3,000 lbs). 
The use of powder actuated fasteners in Wall Type H near the end stud, and as close 
to the edge of the track as possible, had a similar restraining effect as the clip angles for 
Wall Type A, thus reducing the track bending around the anchoring devices. This 
restraining effect resulted in a 3 percent increase in the ultimate test load (3, 100 lbs vs. 
3,000 lbs) for as long as the fastener embedment was sufficient against pullout. 
The type of interior anchorage apparently had only little effect on the shear 
resistance. Wall Type K, with cold-formed steel clip angles, experienced earlier pullout 
of the powder-actuated fasteners than Wall Type H without the clip angles. A 24 percent 
reduction in the ultimate test load resulted- despite the use of the cold-formed clip angles 
in Wall Type K (2,300 lbs) - from that of Wall Type H (3, 100 lbs) without the clip angles. 
This is correctly reflected in determination of the net deflection discussed earlier, where 
only the end-stud members are considered. 
The total shear stiffness appears to be highly dependent upon the anchorage of the 
wall and its aspect ratio (b/a). The substitution of large washers for clip angles resulted 
in a 60 percent decrease of the total shear stiffness for Wall Type E ( 4,050 lbs/in. ), and the 
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substitution of closely-spaced powder-activated nails in a 53 percent decrease for Type 
H ( 4,800 lbs/in. ), from that of Wall Type A ( 10,200 lbs/in. ). The substitution of the cold-
formed angles for the hot-rolled clip angles resulted in a reduction of7 percent (9,500 vs 
10,200 lbs) for Wall Panel K. 
A 98 percent increase in total shear stiffness resulted from the addition of cold-
formed steel clip angles at the comers for Wall Type K (9,500 lbs/in.) over that for Wall 
Type H ( 4,800 lbs/in. ). This was primarily due to the larger wall panel deformations that 
occurred when the comer angles were replaced by more flexible connections, thus 
indicating the importance of this comer anchorage condition for increased shear 
resistance. 
The influence of comer anchorage is also apparent in the damage load level. The bolt 
and washer anchorage condition for Wall Type E resulted in a reduction of the damage 
load level from that of Wall Type A (2,000 lbs vs. 2,400 lbs ). The use of cold formed clip 
angles for Wall Type K resulted in a 42 percent decrease in the damage load level from 
thatofWall TypeA(1,400 lbs vs. 2,400 lbs). Theuseofpowderactuatedfasteners for Wall 
Type H resulted in a negligible increase in damage load level from that of Wall Type A 
(2,400 lbs vs. 2,500 lbs ). 
Gypsum Wallboard Thickness 
The effect on the shear resistance becomes evident by using two layers of 5/8 inch 
gypsum wallboard instead of one layer of 1/2 inch gypsum wallboard for the same base 
anchorage. This is seen by comparing Wall Types Hand I. Additional fasteners had to be 
used to attach the second layer of wallboard over the first layer. The increase in cladding 
thickness and the additional fasteners used in Wall Type I showed and increase of strength 
(3,600 lbs) over that of Wall Type H (3,100 lbs). Also, a 32 percent increase in damage 
load level for Wall Type I (93,300 lbs) from that of Wall Type H (2,500 lbs), and a 15 
percent decrease in total shear stiffness ( 4100 lbs/in. vs. 4,800 lbs/in.) was obtained. 
Different Diaphragm Materials 
The effects of different diaphragm materials can be determined by comparing the 
performance of Wall Type A, H, J, M, N, and L. These types of panels are chosen because 
all other details are the same, or have shown negligible effects. 
The use of cement plaster or stucco resulted in a more-rigid-than-gypsum-wall 
system without noticeable cracking of the surface. A 16 percent increase in the ultimate 
test load was obtained by using 7/8-inch-thick cement plaster in Wall Type J (3 ,600 lbs) 
as compared to a single layer of l/2-inch-thick gypsum wallboard used in Wall Type H 
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(3,100 lbs). A further comparison shows an increase of 166 percent in the total shear 
stiffness for Wall Type J with the cement plaster over that for Wall Type H with a single 
layer of gypsum wallboard (12,800 lbs/in. vs. 4,800 lbs/in.). This large increase in shear 
stiffness is due to the higher overall strength of the cement plaster compared with that of 
gypsum wallboard. 
The use of exterior gypsum sheathing on one side and interior gypsum wallboard on 
the other side for Wall Type M resulted in a 37 percent decrease in ultimate test load for 
Wall Type M (2,150 lbs) from that of Wall Type L (3,400 lbs) which was covered with 
interior gypsum wallboard on both sides. 
Wall Type N, constructed with construction grade plywood on one face and interior 
gypsum wallboard on the other face, resulted in a 26 percent increase in the ultimate test 
load for Wall Type N (4,300 lbs) over that for Wall Type A (3,000 lbs). 
The use of construction grade plywood on one side of the wall panel resulted in an 
increase in the damage load level for Wall Type N (2,300 lbs) by 10 percent over that for 
Wall TypeL with gypsum wallboard on each face (2, 100 lbs ). However, the use of exterior 
gypsum sheathing resulted ina 24 percent decrease in the damage load level for Wall Type 
M (1 ,600 lbs) from that for Wall Type L (2, 100 lbs ). The total shear stiffness in Wall Type 
L (7,300 lbs/in.) was 12 percent greater than that of Wall Type M (6,500 lbs/in.) and 7 
percent greater than that of Wall Type N ( 6,800 lbs/in. ). 
Static Versus Cyclic Loading 
The effect of the type loading on the shear resistance of wall panels is assessed by 
comparing the static and cyclic loading results for Wall Types B, D, E and H. With the 
exception of Wall Type B, the ultimate test load for cyclic loading was less than the value 
obtained for static loading. For Wall Type B the ultimate test load was independent of the 
type ofloading. The decrease was 38 percent for Wall TypeD (4,500 lbs vs. 2,800 lbs), 
8 percent for Wall Type E (2,500 lbs vs. 2,300 lbs) and 19 percent for Wall Type H (3, 100 
lbs vs. 2,500 lbs). 
The cyclic loading condition had a weakening effect on the damage load level for 
all wall panels except Wall Type B. The slight increase in the damage load level of Wall 
Type B for the cyclic loading condition (3,600 lbs) over that for the static loading 
condition (3,300 lbs) is about 9 percent. The decrease in the damage load levels ranged 
from 32 percent for Type H (2,500 lbs vs. 1,700 lbs) to 10 percent for Type E (2,000 lbs 
vs. 1,800 lbs). 
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Gypsum Wallboard Attachment Spacing 
Comparing Wall Types A, C and D, it can be seen that the shear resistance of wall 
panels can be significantly affected by the gypsum wallboard fastener spacing. Decreas-
ing the fastener spacing from 12 inches on centers around the perimeter for Wall Type A 
to 6 inches on centers around the perimeter for Wall Type C resulted in a 78 percent 
increase in ultimate test load (3,000 lbs vs. 5,350 lbs). A 50 percent increase in ultimate 
test load was obtained by reducing the fastener spacing to 6 inches on centers over 24 
inches in each direction at the comers in Wall TypeD (3,000 lbs vs. 4,500 lbs). 
The damage load level increased from 2,400 lbs for Wall Type A to4,050 lbs for Wall 
Type C, or 69 percent, and to 3,300 lbs for Wall TypeD, or 38 percent. This increase was 
due to the increase in the number of fasteners at all comers of the wall panel where the 
shear forces and out-of-plane uplift forces are higher than elsewhere. The decrease in 
fastener spacing resulted in a decrease in total shear stiffness of 6 percent for Wall Type 
C (9 ,600 lbs/in.) and an increase of 6 percent for Wall Type D ( 10,800 lbs/in.) from that 
of Wall Type A ( 10,200 lbs/in. ). 
Diagonal Corner Brace 
The effect of the addition of a diagonal comer brace in Wall Type F can be seen by 
comparing Wall Type A and Wall Type F, with all other construction and anchorage 
conditions being the same. The addition of the diagonal comer brace resulted in an 
increase of the ultimate shear strength by 20 percent for Wall Type F (3,600 lbs) over that 
for Wall Type A (3,000 lbs ). The damage load level was 13 percent less for Wall Type F 
(2, 100 lbs) than for Wall Type A (2,400 lbs ), associated with an 8 percent decrease in total 
shear stiffness (10,200 lbs/in. vs. 9,400 lbs/in.). 
Anchoring Through Floor Joists 
The effect of wall panel base anchorage through transverse floor joists is seen by 
comparing Wall Type L (without transverse floor joists) with Wall Types P and Q (with 
transverse floor joists). The only variation between these wall types are in the method of 
the wall panel base anchorage. The base of Wall Type Lis bolted to the test frame directly. 
Wall types Pand Q are welded to the floor joists, but Wall Type Q also utilizes an additional 
clip angle that is bolted to the joists. Failure of the welds in the floor joist system 
(connection with test frame) of Wall Types P and Q, and the subsequent deformations of 
the joists and track sections, exaggerated the rotation and total deflection of these wall 
panels. This large panel rotation caused weakening of the wall panel and earlier failure. 
22 
The ultimate test load of Wall Type L (3,400 lbs) was 17 percent greater than Wall 
Type P (2,900 lbs) and 26 percent greater than Wall Type Q (2,500 lbs). This is to be 
expected since wall Type Lis more rigidly attached without being anchored through the 
transverse floor joists. The damage load level was the same for Wall Type Land Q (2, 100 
lbs ), but Wall Type P resulted in a 14 percent increase in the damage load level over that 
for Wall Type L(2,400 lbs vs. 2,100 lbs, respectively). The total shear stiffness for Wall 
Type L (7 ,300 lbs/in.) was 300 percent greater than that for Wall Type P ( 1,800 lbs/in.) 
and 152 percent greater than that for Wall Type Q (2,900 lbs/in.). 
Stud Attachment 
The effect of welding the stud to the edge of the runner track with fillet welds in Wall 
Type L instead of using self-drilling screws as in Wall Type A, with all other construction 
and anchorage conditions being the same, is seen by comparing the results of these wall 
types. The ultimate test load using fillet welds for Wall Type L (3,400 lbs) was 13 percent 
greater than that for Wall TypeA(3,000 lbs) using screws, while the gypsum damage load 
level of Wall Type L (2,000 lbs) was 13 percent less than that of Wall Type A (2,400 lbs ). 
The shear stiffness for Wall Type L (7 ,300 lbs/in.) was 28 percent less than that for Wall 
Type A (1 0,200 lbs{m. ). 
Stud Spacing 
The effect of stud spacing on the in-plane shear resistance is seen by comparing Wall 
Type A and R. Wall TypeR was constructed with the studs at 16 inches on centers instead 
of 24 inches on centers as used for Wall Type A, but with the same wallboard fastener 
spacing and other construction details. The closer stud spacing provides more connection 
points for the transfer of the shear load between the diaphragm material and the steel 
frame. Consequently, the tests resulted in a 27 percent increase of the ultimate test load 
for Wall TypeR (3,800 lbs) over Wall Type A (3,000 lbs) due to the closer stud spacing, 
but with an 8 percent decrease in the damage load level (2,200 lbs for Wall Type R vs. 
2,400 lbs for Wall Type A). The total shear stiffness for Wall TypeR ( 4,000 lbs/in.) was 
60 percent less than for Wall Type A ( 10,200 lbs/in.) by virtue of its larger total deflection 
at the load levels at which the total shear stiffness is computed. 
CONCLUSIONS 
The results obtained from this investigation indicate that the tested wall panels, 
framed with cold-formed steel studs and constructed and anchored as reported herein, can 
substantially resist later in-plane shear loads when used as vertical shear wall diaphragms 
in buildings. However, certain design and construction precautions must be followed in 
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order to take advantage of the documented resistance to in-plane wind and earthquake 
forces. These precautions in the form of conclusions and subsequent recommendations 
are as follows: 
1. A cold-formed steel wall system with gypsum board, stucco, orplywoodcladding 
may be used with rigid or semi-rigid wall-to-floor attachments at both ends and/or 
at or between intermittent studs to act as a wind or earthquake resistant shear wall. 
2. A proper transfer of the gravity, uplift, and transverse or in-plane shear forces must 
be provided to transmit these loads to lower floor levels through floor joists as 
necessary to prevent local joist failure. This could be accomplished with transverse 
spacers between joists or other equivalent means. 
3. Additional or heavier end studs may be required to transmit the vertical compo-
nents of shear walls. 
4. Using weldments to connect the studs to the track or using self-drilling screws is 
acceptable provided the welds or the fasteners are designed in accordance with the 
current specifications. 
5. The use of plywood sheathing, stucco or plaster increases the shear resistance of 
the wall panel over that with gypsum wallboard. 
6. Decreasing the stud spacing only slightly increases the shear strength. 
7. For design purposes, a factor of safety in compliance with design philosophy of 
the currentAISI Specification is recommended, especially as used in Section D5 for 
Floor, Roof or Wall Diaphragm Construction. For the panel types listed in Table 3, 
all panel assemblies listed have mechanical fasteners to connect panel components. 
Thus, a factor of safety of 2.5 is recommended. For combined welded and 
mechanically fastened panel assemblies, a factor of safety of2.75 is more appropri-
ate. For a more detailed discussion of the appropriate factor of safety to be used, the 
current Section D5 of the AISI Specification should be consulted. Other panel types 
tested could be added to Table 3. 
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TABLE 1 (CONTINUED) 
WALL PANEL CONSTRUCTION 
WALL TYPE TYPE/THICKNESS DIAPHRAGM STUDS, STUD WALL 
(PANEL SIZE) OF DIAPHRAGM ATTACHMENT SPACING ATTACHMENT ANCHORAGE 
LOADING COND. MAT'L; WALL 
CONSTRUCTION 
TypeE 1/2" Gypsum #6x1" Bugle 20 gage #lOxl/2" 318" 0 Hex Head Bolts 
(8' - 0Hx8'-0L) Wallboard Head Screws C-stud Low Profile with 1" Washer@ 48" 
Static/Cyclic Single-Ply @12" o.c. @24" o.c. Head Screws o.c. 
Each Face Studs & Track Each Side 
Top & Bottom 
TypeF 1/2" Gypsum #6x1" Bugle 20 gage #lOx 1/2" L3x3x3 I 813-1/4" LG 
(8' -0Hx8' -OL) Wallboard Head Screws C-stud Low Profile @48" o.c. with 318" 0 
Static Single-Ply @12" o.c. @24" o.c. Head Screws Hex Head Bolts 
Each Face with Comer Braces Each Side 
Top &Bottom 
IV TypeG 7/8" Portland Cement 5/8" "T" 20 gage #8x1/2" L3x3x3 I 8-114" LG 
00 (8' -0Hx8' -OL) Lime Stucco on 3.4- Drive Pin@ C-stud Low Profile 48" o.c. with 318 0 Hex 
Static 3/8" Rib Expanded 3.75" o.c. @24" o.c. Head Screws Head Bolts 
Metal Lath Each Side 
Three-Coat Process Top & Bottom 
Each Face 
TypeH 1/2" Gypsum #6x1" Bugle 20 gage #10x1/2" 9/64" 0 x1-114" 
(8' -0Hx8' OL) Wallboard Head Screws C-stud Low Profile Powder Actuated 
Static/Cyclic Single-Ply @12" o.c. @24" o.c. Head Screws Fasteners@ 6" o.c. 
Each Face Studs & Track Each Side Top & 
Bottom 
Type I 5/8" Gypsum Base-Ply 20 gage 
(8' -0Hx8' -OL) Wallboard #6xl" Bugle C-stud #lOxl/2" 9164" 0 X 1-l/4" 
Static Two-Ply Head Screws @24" o.c. Low Profile Powder Actuated 
Each Face @24" o.c. Head Screws Fasteners@ 6" o.c. 
Face-Ply Each Side Top & 
#6xl-3/8" Bugle Bottom 
Head Screws @ 12" 
o.c. Studs & Track 
TABLE 1 (CONTINUED) 
WALL PANEL CONSTRUCTION 
WALL TYPE TYPE/THICKNESS DIAPHRAGM STUDS, STUD WALL 
(PANEL SIZE) OF DIAPHRAGM ATTACHMENT SPACING ATTACHMENT ANCHORAGE 
LOADING COND. MAT'L; WALL 
CONSTRUCTION 
TypeJ 718 11 Cement Plaster #8xll211 Pan 20 gage #10xll211 9164110 xl-114 11 
(8'- 0Hx8'-0L) on 3.4-31811 Rib Washer Head C-stud Low Profile Powder Actuated 
Static Expanded Metal Lath @7-31411 o.c. @2411 o.c. Head Screws Fasteners @611 o.c. 
Three-Coat Process Studs & Track Each Side 
Each Face Top & Bottom 
TypeK 11211 Gypsum #6x1 11 Bugle 20 gage #lOx l/211 16 gage clip angle 
(8' -0Hx8' -OL) Wallboard Head Screws C-stud Low Profile @2411 o.c. with 
IV Static Single-Ply @1211 o.c. @24 11 o.c. Head Screws 9164 11 0 xl-11411 LG \0 
Each Face Studs & Track Each Side Powder Actuated 
Top & Bottom Fasteners @6 11 o.c. 
TypeL 11211 Gypsum 6x1 11 Bugle 20 gage ll8 11 xl II L3x3x3 I 8x3-l/411 LG 
(8' -0Hx8' -OL) Wallboard Head Screws C-stud Fillet Weld @48 11 o.c. with 31811 0 
Static Single-Ply @1211 o.c. @24 11 o.c. Each Side Hex Head Bolts 
Each Face Studs & Track 
TypeM l/2 11 Exterior #6xlll Bugle 20 gage ll8 11 xl II L3x3x3 I 8x3-ll411 LG 
(8' -0Hx8' OL) Gypsum Sheathing Head Screws C-stud Fillet Weld @48 11 o.c. with 318 110 
Static & 11211 Gypsum @1211 o.c. @2411 o.c. Each Side Hex Head Bolts 
Wallboard Studs & Track 
Single-Ply 
Opposite Face 
TABLE 1 (CONTINUED) 
WALL PANEL CONSTRUCTION 
WALL TYPE TYPE/THICKNESS DIAPHRAGM STUDS, STUD WALL 
(PANEL SIZE) OF DIAPHRAGM ATTACHMENT SPACING ATTACHMENT ANCHORAGE 
LOADING COND. MAT'L; WALL 
CONSTRUCTION 
TypeN 11211 Construction #6x1 11 Bugle 20 gage l/8 11 x1 II L3x3x3 I 813-114 11 LG 
(8'- 0Hx8'-0L) Grade Plywood & Head Screws C-stud Fillet Weld @4811 o.c. with 318 11 0 
Static 11211 Gypsum @1211 o.c. @2411 o.c. Each Side Hex Head Bolts 
Wallboard Studs & Track 
Single-Ply 
Opposite Face 
TypeP 11211 Gypsum #6x1 11 Bugle 20 gage l/8 11 x1 II Track Welded to Floor 
w (8' -0Hx8' -OL) Wallboard Head Screws C-stud Fillet Weld Joists per Details & 0 
Static Single-Ply @1211 o.c. @24 11 o.c. Each Side Bolted to Load Frame 
Each Face Studs & Track 
TypeQ 11211 Gypsum #6xl 11 Bugle 20 gage 11811 x1 II Track Fastened to 
(8' -0Hx8' -OL) Wallboard Head Screws C-stud Fillet Weld Floor Joists per 
Static Single-Ply @12 o.c. @2411 o.c. Each Side Details & Bolted to 
Each Face Studs & Track Load Frame 
TypeR 11211 Gypsum #6x1 11 Bugle 20 gage #lOxl/2 11 L3x3x3 I 8x3-1/4" LG 
(8' -0Hx8 11 OL) Wallboard Head Screws C-stud Low Profile @48" o.c. with 3/8" 0 
Static Single-Ply @12" o.c. @16 11 o.c. Head Screws Hex Head Bolts 
Each Face Studs & Track Each Side 
Top & Bottom 
TABLE 2 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
(PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL NET TOTAL 
LOADING (I b) (I b) (I b) (lb/ft) (in.) (in.) (lb/in.) (lb/in.) 
Type A AlA 3,200 2,800 2,400 350 0.117 0.120 8,900 9,200 
(8' -0Hx8' -OL) A2A 3,400 2,900 2,800 363 0.114 0.123 9,700 10,500 
Static A3A 3,000 2,500 2,800 313 0.090 0.100 10,000 11,100 
A4A 2,600 2,600 2,200 325 0.063 0.077 11,750 11,300 
A5A 2,600 2,400 2,200 300 0.074 0.100 11,700 8,700 
A6A 3,400 2,800 2,000 350 0.084 0.112 13,500 10,100 
AVERAGE 3,000 2,700 2,400 333 0.094 0.102 10,900 10,200 
w 
-
Type B B1A 4,500 4,300 3,600 358 0.045 0.080 33,300 12,500 
(8'-0Hx 12' -OL) B2A 4,500 ·6 3,900 375 0.032 0.078 31,300 12,800 
Static B3A 4,500 ·6 2,400 375 0.052 0.065 19,200 15,400 
AVERAGE 4,500 4,300 3,300 369 0.043 0.074 27,900 13,600 
Type B BIB 4,800 -6 3,600 400 0.004 0.033 238,600 32,800 
(8' -0Hx12' OL) B2B 4,200 -6 3,600 350 0.020 0.026 46,700 35,800 
Cyclic 
AVERAGE 4,500 -6 3,600 375 0.012 0.030 46,700 34,300 
TypeC C2A 5,600 4,700 4,200 588 0.123 0.191 15,200 9,800 
(8' -0Hx8' -OL) C3A 5,100 4,300 3,900 538 0.104 0.182 16,300 9,300 
Static 
AVERAGE 5,350 4,500 4,050 563 0.114 0.187 15,800 9,600 
TABLE 2 {CONTINUED) 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
{PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL NET TOTAL 
LOADING {lb) (I b) (I b) (lb/ft) (in.) (in.) (lb/in.) (lb/in.) 
TypeD D1A 3,900 3,600 3,300 450 0.097 0.132 13,400 9,800 
(8' -0Hx8' -OL) D2A 4,500 3,800 3,300 475 0.065 0.134 23,100 11,200 
Static D3A 5,100 3,900 3,300 488 0.109 0.149 15,600 11,400 
AVERAGE 4,500 3,767 3,300 471 0.090 0.138 17,400 10,800 
TypeD D1B 2,800 -6 2,400 350 0.023 0.033 27,700 40,300 
(8' -0Hx8' -OL) D2B 2,800 -6 2,400 350 0.030 0.046 19,400 31,000 
w Cyclic N 
AVERAGE 2,800 -6 2,400 350 0.027 0.040 23,600 35,700 
TypeE E1A 2,600 -6 2,000 325 0.049 0.220 17,700 3,900 
(8' -0Hx8' -OL) E2A 2,400 -6 2,000 300 0.047 0.189 17,000 4,200 
Static 
AVERAGE 2,500 -6 2,000 313 0.048 0.205 17,350 4,050 
TypeE E1B 2,200 -6 1,600 275 0.025 0.099 29,300 7,500 
(8' -0Hx8' -OL) E2B 2,400 -6 2,000 300 0.026 0.104 30,400 7,700 
Cyclic 
AVERAGE 2,300 -6 1,800 288 0.026 0.102 29,900 7,600 
TABLE 2 (CONTINUED) 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
(PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL NET TOTAL 
LOADING (I b) (I b) (I b) (lb/ft) (in.) (in.) (lb/in.) (lb/in.) 
TypeF F1A 3,600 3,300 2,400 413 0.087 0.109 13,800 11,000 
(8' -0Hx8' -OL) F2A 3,600 3,200 1,800 400 0.079 0.155 15,200 7,700 
Static 
AVERAGE 3,600 3,250 2,100 406 0.083 0.132 14,500 9,400 
TypeG GlA 3,300 3,200 -6 400 0.095 0.105 17,600 10,500 
(8' -0Hx8' -OL) G2A 4,500 -6 -6 563 0.115 0.144 13,000 10,400 
1.-J Static 1.-J 
AVERAGE 3,900 3,200 -6 481 0.105 0.124 12,300 10,500 
TypeR H1B 3,000 2,700 2,400 338 0.101 0.186 9,900 5,400 
(8' -0Hx8' -OL) H2B 3,200 2,800 2,600 350 0.089 0.260 12,000 4,100 
Static 
AVERAGE 3,100 2,750 2,500 344 0.095 0.223 11,000 4,800 
TypeH HlB 2,800 -6 2,000 350 0.019 0.070 51,600 14,000 
(8' -0Hx8' -OL) H2B 2,200 -6 1,400 275 0.008 0.085 98,000 9,200 
Cyclic 
AVERAGE 2,500 -6 1,700 313 0.014 0.078 74,800 11,600 
TABLE 2 (CONTINUED) 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
(PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL NET TOTAL 
LOADING (I b) (I b) (I b) (lb/ft) (in.) (in.) (lb/in.) (lb/in.) 
Type I IlB 3,600 3,400 3,200 425 0.105 0.419 11,400 2,900 
(8' -0Hx8' -OL) 12B 3,600 -6 3,400 450 0.080 0.225 15,000 5,300 
Static 
AVERAGE 3,600 3,400 3,300 438 0.093 0.097 13,200 4,100 
TypeJ JIB 3,400 -6 -6 425 0.027 0.103 42,000 11,000 
(8' -0Hx8' -OL) J2B 3,800 -6 -6 475 0.117 0.087 74,500 14,600 
w Static ~ 
AVERAGE 3,600 -6 -6 450 0.022 0.095 58,250 12,800 
TypeK K1C 2,200 -6 1,200 275 0.054 0.135 13,600 5,400 
(8' -0Hx8' -OL) K2C 2,000 -6 1,400 250 0.040 0.055 16,700 12,100 
Static K3C 2,800 -6 1,600 350 0.059 0.085 15,800 11,000 
AVERAGE 2,300 -6 1,400 292 0.051 0.092 15,400 9,500 
TypeL LIC 3,400 3,400 2,400 425 0.077 0.137 14,700 8,300 
(8' -0Hx8' -OL) L2C 3,400 -6 1,800 425 0.091 0.179 12,500 6,300 
Static 
AVERAGE 3,400 3,400 2,100 425 0.084 0.158 13,600 7,300 
TABLE 2 (CONTINUED) 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
(PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL NET TOTAL 
LOADING (lb) (I b) (I b) (lb/ft) (in.) (in.) (lb/in.) (lb/in.) 
TypeM M1C 2,200 2,100 1,800 265 0.070 0.105 10,500 7,000 
(8' -0Hx8' -OL) M2C 2,100 2,100 1,400 263 0.073 0.117 9,600 6,000 
Static 
AVERAGE 2,150 2,100 1,600 263 0.072 0.111 10,100 6,500 
TypeN N1C 4,100 2,900 2,000 363 0.144 0.200 9,500 6,800 
(8' -0Hx8' -OL) N2C 4,500 3,100 2,600 388 0.165 0.224 9,100 6,700 
w Static VI 
AVERAGE 4,300 3,000 2,300 375 0.155 0.212 9,300 6,800 
TypeP PIC 2,800 2,500 2,200 313 0.053 0.561 17,600 1,700 
(8' -0Hx8' -OL) P2C 3,000 -6 2,600 375 0.056 0.568 17,900 1,800 
Static 
AVERAGE 2,900 2,500 2,400 344 0.055 0.565 17,800 1,800 
TypeQ Q1C 2,400 -6 2,000 300 0.016 0.492 50,000 1,600 
(8' -0Hx8' -OL) Q2C 2,600 -6 2,200 325 0.105 0.319 8,300 2,700 
Static Q3C 2,400 1,700 2,000 213 0.323 0.179 2,500 4,500 
AVERAGE 2,500 1,700 2,100 279 0.148 0.330 20,300 2,900 
TABLE 2 (CONTINUED) 
SUMMARY OF EXPERIMENTAL AND ANALYTICAL RESULTS 
SHEAR RESISTANCE 
WALL TYPE TEST TEST LOADS1 NOMINAL DEFLECTION3 SHEAR STIFFNESS4 
(PANEL SIZE) NO. 5 ULTIMATE CODE DEFL. DAMAGE SHEAR2 NET TOTAL 
LOADING (I b) (I b) (lb) (lb/ft) (in.) (in.) 
TypeR RIC 3,800 3,300 2,000 413 0.128 0.290 
(8' -0Hx8' -OL) R2C 3,800 3,500 2,400 438 0.100 0.336 
Static 
AVERAGE 3,800 3,400 2,200 425 0.114 0.313 
1Test loads are defined as follows: 
~ a) Ultimate load is the maximum load level obtained with displacement measurements recorded, 
b) Code deflection load is the measured load level corresponding to a drift of 0.5'' in 8' height, 
c) Damage threshold load is the load level at which tearing or cracking of the sheathing material occurred. 
2Nominal shear is the lower of the ultimate or code deflection load obtained, divided by panel length. 
3Measured deflections at one-third of the ultimate test load level 






5The test number designation is such that the first letter identifies the wall type, the center number identifies the test number and the last letter 
identifies the manufacturer. 




NOMINAL SHEAR - SUMMARY FOR WIND OR SEISMIC FORCES IN POUNDS PER FOOT FOR VERTICAL DIAPHRAGMS 
OF PLYWOOD, PLASTER, OR GYPSUM BOARD ON STEEL-FRAMED WALL ASSEMBLIES1 
WALL MINIMUM NOMINAL SHEAR STIFFNESS 
TYPE OF MATERIAL CONSTRUCTION2 FASTENER FASTENER SHEAR5 NET TOTAL 
MATERIAL THICKNESS STEEL STUDS SIZE SPACING3 (lbs/ft) (lbs/in.) (lbs/in.) 
l/2" 24" o/c No. 6xl" 12" 333 (A) 10,200 10,000 
Bugle Head Screws 
1/2" 16" o/c No. 6xl" 12" 425 (R) 4,100 11,300 
Bugle Head Screws 
Gypaum Wallboard 
(both sides) 1/2" 24" o/c No. 6xl" 6" Perimeter 563 (C) 9,600 15,800 
Bugle Head Screws 12" Interior 
Base Ply 
5/8" 24" o/c No. 6xl" Bugle Base Ply 24" 438 (I) 4,100 13,200 
Two Ply Head Screws Face Ply 12" 
Face Ply No. 
6x 1-3/8" Bugle 
Head Screws 
Gypsum sheathing bd. (one l/2" 24" o/c No. 6x 1" Bugle Head 12" 263 6,500 10,100 
side) gypsum wallbd, opp. side Screws 
Construction gd. Inter. l/2" 24" o/c No. 6x 1" Bugle Head 12" 375 6,800 9,300 
plywood, CDX (one side) Screws 
gypsum wallbd. opp. side 
Expanded metal lath and 7/8" 24" o/c No. 8xl/2" Pan 9" (lath) 450 12,800 58,250 
portland cement plaster 3-coat Washer Head Screw 
process (both sides) (lath) 
1These vertical diaphragms shall not be used to resist loads imposed by concrete or masonry construction except as allowed in Section 4714(b). Values are for short-
time loading due to wind or earthquake. 
2Minimum 0.035-inch-thick structural "C" studs attached to minimum 0.035-inch-thick runner track by either No. lOxl/2 inch screws or 1/8-inch by l-inch long 
fillet welds each side, top and bottom. Overall stud dimensions 3-1/2 x 1-1/2 x 1/2, 33 ksi minimum yield strength. 
3 Applies to attachment at all studs and runner tracks. 
4Uplift of comers to be prevented by clip angles and/or appropriately designed connectors to lower structure as described in Table 1. 
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#6x1" SCREWS {TYP.) 
#1 Ox1 /2" SCREWS (TYP.) 
3/8" ~ BOLTS l JlfL• i 
L 3"x3"x3/8"x2-1/4" LG. 
STUD BASE PLAN DETAIL 
BOLT c!c ANGLE 
ANCHORAGE 
NOTE: WALLBOARD ATIACHED 
TO BRACE 0 END AND MID-PONIT 
W/ I 6 x 1" SCREWS EACH FACE 
I 10 X 1/2" 
SCREW 
r-""T"""""-- STUD FLANGE 




COPED TO FIT 
TYPICAL EA. 
CORNER 
I 10 X 1/2" 
SCREW 
CORNER BRACE DETAIL 
WALL TYPE F 
3-1/2" C STUD 
(0.0359" BASE 
METAL THICKNESS)l> c I I I I 
3/8"<11 BOLT J . -t-'T' 
W/ 1"<11 O.D. WASHER 
RUNNER TRACK 
ALT. STUD BASE PLAN DETAIL 
BOLT c!c WASHER 
ANCHORAGE 





















I 8'-0" y~g~KBEARING 
JACK (AS 










TYPICAL TEST PANEL ELEVA Tl ON 
#6x1" BUGLE HEAD ----
"C" STUD /\SCREWS 0 12" CC 0 ~ · 
(0.0359" BASE STUDS & TRACK 
METAL THICKNESS) 
~~~;;;;;;;;;;;~. - #1 Ox1 /2" LOW PROFILE --.........__ 
STUD 
HEAD SCREWS EACH ----::_~ 1.1: I""'"T'r'""1 J I SIDE TOP & BOTIOM .~ · · >• 
0 EACH STUD. 
L 3x3x3/8x3-1/4" LG 0 48" CC. 
W/ 3/8" 4> HEX HEAD BOLTS 
ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
(SHOWN AT A) 








12'-0" · y JACK BEARING 
r BLOCK 
JACK (AS 
• - ~REQUIRED) 
\oooO .... . Oo 
i\ : .. · ... .· ... 0 00 
~--o" ~ 
B B A 
~ 










~ 3/8" ~ HEX HEAD BOLT 
W/ 1" O.D. WASHER 
(0 INTERIOR 0 48" CC) 
STUD ATTACHMENT 
TEST PANEL ELEVATION DETAIL @ MID-POINT (LOCATION B) 
#6x1" BUGLE HEAD --
/\SCREWS 0 12" CC 0 ~ ~ 
/ \STUDS & TRACK -
• 
0 0 
• #1 Ox1 /2" LOW PROFILE --.........__ 
HEAD SCREWS EACH ~~ 
SIDE TOP & BOTIOM ,UL9f2:J1., 
0 EACH STUD. 
L 3x3x3/8x3-1/4" LG (0 ENDS 
ONLY) W/ 3/8" ~ HEX HEAD BOLTS 
STUD ATTACHMENT DETAIL WALL ATTACHMENT 
@ EACH END DETAIL 
(LOCATIONS A) 







8'-0" JACK BEARING +~-----~/ BLOCK 
,.-/} JACK (AS 
-- - ~ REQUIRED) 






TEST PANEL ELEVA Tl ON 
#f)x1" BUGLE HEAD 
/\ ~~~~~~; ~ .. 1~s ~c--~- -
/ \REMAINDER STUDS ~ . . I 
#1 Ox1 /2" LOW PROFILE -..........__ 
HEAD SCREWS EACH ~~ 
SIDE TOP & BOTTOM .LIL~dLJ., 
0 EACH STUD. 
L 3x3x3/8x3-1/4" LG 0 48" CC 
W/ 3/8" p HEX HEAD BOLTS 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
(SHOWN AT A) 







8' -0" / JACK BEARING 
BLOCK 
JACK (AS ~ REQUIRED) 
T, 
y 






TEST PANEL ELEVATION 
#6x1" BUGLE HEAD 
/\
SCREWS 0 12" CC 0-~-------~ 
STUDS & TRACKS &  -
6" CC FOR 24" 0 CORNERS 
• . . I 
#1 Ox1 /2" LOW PROFILE ~ 
HEAD SCREWS EACH  
.... CTFJ ... SIDE TOP & BOTIOM •< ·· >• 
0 EACH STUD. 
L 3x3x3 /8x3-1 /4" LG 0 48" CC 
W/ 3/8" p HEX HEAD BOLTS 
STUD ATTACHMENT 
DETAIL 
(SHOWN AT A) 
WALL ATTACHMENT 
DETAIL 
Figure 6. Test Assembly Plan & Details - Wall Type D 
t 
1 8'-0" 1/ ~~g~KBEARING 
_,./} JACK (AS 





:au -1/2" GYPSUM 
WALLBOARD 
~-ft" IX . II TAPED JOINT 
A BASE CHANNEL 
TEST PANEL ELEVATION 
#6x1" BUGLE HEAD 
"C" STUD- /\SCREWS 0 12" CC 0---~- _ 
(0.0359" BASE~ STUDS & TRACKS ---...__ --
METAL THICKNESS) I 
5 5 , l a I .r. #1 Ox1 /2'" LOW PROFILE --........__ 
HEAD SCREWS EACH ~~ 
SIDE TOP & BOTTOM ,Jl: 'tt" Jl, 
0 EACH STUD. 
3/8" ~HEX HEAD BOLTS 
Wj 1" O.D. WASHER @ 48" CC 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
(SHOWN AT A) 






8'-0" / JACK BEARING 
NOTE: WALLBOARD ATTACHED TO 
BRACE @ END AND MID-PONIT W/ 
# 6 x 1" SCREWS EACH FACE BLOCK 
JACK (AS \:~~~~Pi~~~~~:&- REQUIRED) # 10 X 12" 
• H -- '\t RUNNER TRACK SCREW 





BASE CHANNEL - ~ ; --: I 1 
TEST PANEL ELEVATION CORNER BRACE DETAIL 
#6x1" BUGLE HEAD 
n~~5r&o~~~g 0-~- ...:._ 
#1 Ox1 /2" LOW PROFILE ---......_ 
HEAD SCREWS EACH ~~ 
SIDE TOP & BOTTOM ,ij!J-!"? Jl, 
0 EACH STUD. 
L 3x3x3 /8x3-1 /4" LG @ 48" CC 
W/ 3/8" ~ HEX HEAD BOLTS 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
(SHOWN AT A) 





8' -0" JACK BEARING i-----~/ BLOCK 
_,/} JACK (AS fr=r&!iii;;~~~~~~ REQUIRED) 
-- If:· ~I:: . ~ RUNNER TRACK 1\. ~F ... ~ 7 /8" STUCCO ON fj :' . 3.4# ""' 3/8" RIB EXPANDED 
•.- · ·. METAL LATH W/ 5/8"<il"T" 
DRIVE PINS 0 3. 75" CC '¥-(1' 
STUDS AND TRACK L EACH SIDE. WOOD SPACER ~ BASE CHANNEL 
TEST PANEL ELEVATION 
#6x1" BUGLE HEAD 
/\SCREWS 0 12" CC .-~- _ 
/ \STUDS & TRACKS. ---........_ -
II._ "- .o. I 
#1 Ox1 /2" LOW PROFILE - -
HEAD SCREWS EACH 
SIDE TOP & BOTTOM 
0 EACH STUD. 
L 3x3x3/8x3-1/4" LG 0 48" CC 





Figure 9. Test Assembly Plan & Details - Wall Type G 
.. 
._.J 






'\t RUNNER TRACK 
·.::a11 7 1 /2" GYPSUM 
WALLBOARD 
K. jf TAPED JOINT 
CONCRETE BEAM 
BASE CHANNEL W/ 5/8" $ 
EXPANSION BOLTS 0 48" CC 
W/ 4" MIN. EMBEDMENT 





3" I 3" I 3" 
1-1/2" 
#6x1" BUGLE HEAD 
SCREWS 0 12" CC 0 
STUDS & TRACK 
#1 Ox1 /2" LOW PROFILE 
HEAD SCREWS EACH 
SIDE TOP & BOTIOM 
0 EACH STUD. 
9/64" ~ POWDER ACTUATED 
FASTENERS W/ 1-1/4" SHANK 
LENGTH 0 6" CC 
~ 
7"x13-1/2" CONC. 
BEAM W/ 2-#4 
TOP & BOTTOM 












8' -0" JACK BEARING 
1 YBLOCK 
JACK ~JACK (AS 
~ .,.c REQUIRED) 
- -- ~ RUNNER TRACK 
r-0" 
-~~ 7 5/8" GYPSUM 
WALLBOARD 
(TWO-PLY) 
~r TAPED JOINT 
CONCRETE BEAM 
BASE CHANNEL W/ 5/8"~ 
EXPANSION BOLTS 0 48" CC 
W/ 4" MIN. EMBEDMENT 
TEST PANEL ELEVATION 
1-1 /2" 3" 
~ ~ 
3" . 3" 
#6x1" BUGLE HEAD SCREWS 
0 24" CC IN BASE-PLY & 
#6x1-5/8" BUGLE HEAD SC~EWS 
0 12" CC IN FACE-PLY (0 
STUDS & TRACK) 
(0.0359" BASE 
METAL THICKNESS) #1 Ox1 /2" LOW PROFILE .YII I u, 
RUNNER TRACK 
-T--
HEAD SCREWS EACH 
SIDE TOP & BOTTOM 
0 EACH STIJD. 
9/64" ~ POWDER ACTUATED 
FASTENERS W/ 1-1/4" SHANK 
LENGTH 0 6" CC 
. ., 
. .. : 
7" x 13-1 /2" CONC. 
BEAM W/ 2-#4 
TOP & BOTTOM 





Figure 11. Test Assembly Plan & Details - Wall Type I 
~ 
8'-0" JACK BEARING i-------------r~BLOCK /1 JACK (AS ~ w ~REQUIRED) 
~ RUNNER TRACK 
r-7 /8" GYPSUM PLASTER b I II bll '\ ii ON 3.4# ,.. 3/8" RIB EXPANDED 
I \i1 METAL LATH EACH SIDE ao r-~ 
~ONCRETE BEAM 
'I I 1'_...---- BASE CHANNEL W/ 5/8" d> 
1 
....,- EXPANSION BOLTs' 0 48" CC 
W/ 4" MIN. EMBEDMENT · 
TEST PANEL ELEVA Tl ON 
"C" STUD 
3"- 3" HEAD 0 7-3/4" CC 0 
STUD & TRACK. 
(0.0359" BASE 
METAL THICKNESS) 
#8 X 1/2" PAN WASHER ~ 
#1 Ox1 /2" LOW PROFILE ,!'11 11'!, 
HEAD SCREWS EACH 
RUNNER TRACK SIDE TOP & BOTTOM 0 EACH STUD. 
9/64" ~ POWDER ACTUATED 
FASTENERS W/ 1-1/4" SHANK 
LENGTH 0 6" CC 
7" x 13-1/2" CONC. 
BEAM W/ 2-#4 
TOP & BOTTOM 















I 8'-o" )/JACK BEARING BLOCK 
JACK (AS ~~~~~~~~~~:a=- REQUIRED) +~ --- '\t RUNNER TRACK 
~-o" 




BASE CHANNEL W/ 5/8" ~ 
EXPANSION BOLTS @ 48" CC 
W/ 4" MIN. EMBEDMENT 
TEST PANEL ELEVA Tl ON 
3"- 3" 
#6x1" BUGLE HEAD 
SCREWS @ 12" CC @ 
STUD & TRACK. ~ 
#10x1/2" LOW PROFILE -----
HEAD SCREWS EACH 
SIDE TOP & BOITOM 
0 EACH STUD. 
CLIP L 3 X 3 X .0598 X 3-1/4" 
W/ 9/64" ~ POWDER 
<1 
7" x 13-1/2" CONC. 
BEAM W/ 2-#4 
TOP & BOITOM 
& #3 TIES 0 12" CC 
ACTUATED FASTENERS W/ 1-1/4" SHANK 
9/64" ~ POWDER ACTUATED RUNNER TRACK 











8' -0" / JACK BEARING 
BLOCK 
, JACK (AS 
• ~ REQUIRED) 
- -· "t RUNNER TRACK 
:...LI 1 /2" GYPSUM 
WALLBOARD 
r-ff' 11< . II TAPED JOINT 
A BASE CHANNEL 
TEST PANEL ELEVA Tl ON 
#E)x1" BUGLE HEAD 
SCREWS 0 12" CC 0 
STUDS & TRACK. 
L 3x3x3 /8x3-1 /4" LG 0 48" CC 
W/ 3/8" ~ HEX HEAD BOLTS 
STUD ATTACHMENT 
DETAIL 
(SHOWN AT A) 
TYPICAL 0 
.....-7 I 7 (. EACH STUD 
WALL ATTACHMENT 
DETAIL 








1 B' -o· y JACK BEARING BLOCK 
JACK (AS 
- - ~ REQUIRED) 
A 
~ RUNNER TRACK 
/2" GYPSUM WALLBOARD (FAR SIDE) & 
/2" EXTERIOR GYPSUM SHEA TJNG 
NEAR SIDE) 
APED JOINT 
WOOD SPACER ~ BASE CHANNEL 
TEST PANEL ELEVA Tl ON 
#6x1" BUGLE HEAD 
. 
/\SCREWS 0 12" CC 0 
/ \STUDS & TRACK. 
L 3x3x3 /8x3-1 /4" LG 0 48" CC 
W/ 3/8" ~ HEX HEAD BOLTS 
TYPICAL 0 





(SHOWN AT A) 






8 '-0" /JACK BEARING 
BLOCK 
,.. _,..JACK (AS 
t ~ REQUIRED) 
- -- "t RUNNER TRACK 
1:-ct' 
.:;.JJ.--71 /2" CONSTRUCTION GRADE PLYWOOD 
(FAR SIDE) & 1 /2" GYPSUM WALLBOARD 
(NEAR SIDE) 
•-.._.-TAPED JOINT 
J II II A II II II ~WOOD SPACER 
t / r-- BASE CHANNEL 
TEST PANEL ELEVA Tl ON 
#E)x1" BUGLE HEAD 
/\
SCREWS 0 12" CC 0 
STUDS & TRACK. 
........__ 
L 3x3x3/8x3-1 /4" LG 0 48" CC 
1jB'V 1" W/ 3/8" ~ HEX HEAD BOLTS 
TYPICAL 0 





(SHOWN AT A) 









TYPICAL 0 "\ I > "' 
EACH STUD 




. . "t RUNNER TRACK 
- -11 1 /2" GYPSUM 
WALLBOARD 
~-d' TAPED JOINT 
BASE CHANNEL 
TEST PANEL ELEVA Tl ON 
RUNNER TRACK 
#6 X 1" BUGLE HEAD 
SCREWS 0 12" CC 0 
STUDS & TRACK. 
WEB STIFFENER 
@ 24" o.c. 
3/8" ~ BOLT 
24" o.c. 
TYPICAL 0 
"::::. L (_ EACH STUD 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
Figure 17. Test Assembly Plan & Details - Wall Type P 
VI 
VI 
8' -0" /JACK BEARING 
BLOCK 
JACK (AS ~ ,. ~REQUIRED) 








.:...~1 -1/2" GYPSUM 
WALLBOARD 
'L-fl' TAPED JOINT 
BASE CHANNEL 
TEST PANEL ELEVATION 
/16 X 1" BUGLE HEAD 
SCREWS 0 12" CC 0 
STUDS & TRACK. ~ 
TYPICAL 0 
__::::, " ( EACH STUD . 
RUNNER TRACK 
L 3 X 3 X 3/8 X 3-1/4" LG. 0 48" CC 
W/ 2-3/8" ¢ ROUND HEAD BOLTS 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 






B' -o· / JACK BEARING 
BLOCK 
~JACK (AS 
, - ~ 11 11 , ~ ~:~ REQUIRED) 
I II \f:·,:n.:,: ~,/~G::~:w~~~ARo 
.1 t :· 
0:, •• :. 
r-<1' 
r--_ TAPED JOINT 
~WOOD SPACER 
~ I' II II II '1/--- BASE CHANNEL 
. r--
TEST PANEL ELEVA Tl ON 
#E)x1" BUGLE HEAD 
. 
./\ SCREWS 0 12" CC 0 
/ \STUDS & TRACK . 
. s I. I· I #10 X 1/2" LOW PROFILE~· 
• --HEAD SCREWS EACH SIDE '.. 
0 I ./1 TOP & BOTTOM ~ t"""'T""" dlti 
0 EACH STUD. .. 
L 3x3x3/8x3-1/4" LG 0 48" CC 
W/ 3/8• C HEX HEAD BOLTS 
STUD ATTACHMENT WALL ATTACHMENT 
DETAIL DETAIL 
(SHOWN AT R) 
Figure 19. Test Assembly Plan & Details - Wall Type R 
ISOMETRIC OF BEARING BLOCK & JACK 
4" X 3/4" X 11"----J+-l-1....;.-t---+ -----------.-
2" X 1/4" X 3'-0" BAR 
7-1 I 4, - 1 8 GA. JOIST----t<--tl 
2" X 1/4" X 3'-0" BAR 
1" X 1/4" X 3'-0" BAR 
~ RUNNER TRACK----'=--
1 /4" TEK SELF-DRILLING 
SCREW 0 EA. STUD 
"C" CLAMPS 
(6 REQU'D.) 





WOOD SPACER *- ~3/8" ~ BOLT* SUPPORT I 
BASE CHANNEL ·---- t 
SECTION 
* BASE DETAILS FOR PANEL TYPES H,I,J,K,P, & Q 
ARE DIFFERENT 
Figure 20. Test Loading Details 
57 
WALL DISPLACEMENT 





NUMBER OF CYCLES 
b) Cyclic Loading 
Figure 21. Static and Cyclic Loading Sequence 
58 
